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Σb Motivation
! Λb only established b baryon
! Enough statistics at Tevatron 

to probe other heavy baryons
! Next accessible baryons:

Σb: b{qq}, q = u,d; JP = SQ + sqq

= 3/2+(Σb
*)

= 1/2+ (Σb)

! Σb
± decays to Λbπ± via 

p-wave
! Baryon spectroscopy 

tests HQET 
predictions, Lattice 
QCD, potential quark 
models…

! Discovering new 
particles always 
exciting!

Σb
(*)+ = uub

Σb
(*)- = ddb

Σb
(*)0 = udb

Can’t see π0
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Σb Search Methodology
! Σb decays strongly at primary 

vertex → combine Λb candidate with 
good-quality prompt track to make 
Σb candidate

! Separate Σb
- and Σb

+:
" (+ c.c.)
" (+ c.c.)

! Resonances in mass 
difference Q = m(Λbπ) -
m(Λb) – mπ

! Unbiased optimization
" Optimize Σb cuts without looking 

in Σb signal region of:
30 < Q < 100 MeV/c2
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Reconstructing Σb → Λb π
! With ~1.1 fb-1, world’s 

largest sample of Λb: 
~3000300030003000

! Use CDF’s two displaced 
track trigger to reconstruct:

Λb Mass Plot

p and π from Λb
usually satisfy 
two displaced 
track criteria

! Λb signal region 
backgrounds form Σb

backgrounds

! Fix background shapes 
from data and Monte Carlo
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Σb Observation
! Fit signal with unbinned 

likelihood fit
" Background fixed
" Peaks fit with Breit-Wigner 

convoluted with detector 
resolution

" Common parameter m(Σb
*) -

m(Σb)

! Observe signals consistent 
with lowest lying charged 
Σb

(*) states
! “Null” hypothesis excluded 

at high confidence level    
(> 5σ)
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! First observation of resonant Λbπ states!
" Consistent with lowest lying charged Σb states
" Very good agreement with theoretical predictions
" We measure Σb

- and Σb
+ Q values, average m(Σb

*) – m(Σb)
" Using m(Λb) = 5619.7 ± 1.2 (stat) ± 1.2 (syst) MeV/c2, 

absolute Σb masses:

Summary
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Backup Slides
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Σb Results
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Strength of Σb hypothesis
! Evaluate Likelihood 

Ratio:                   

LR = Lno peak fit

Lfour peak fit

! Evaluated LR for 
systematic variations 
of the fit model and 
pick the worst 
scenario!

! “Null” hypothesis 
excluded at high 
confidence level

3.3e410.4No No ΣΣbb
-- PeakPeak

31.1No No ΣΣbb
+ + PeakPeak

2.4e410.1No No ΣΣbb
**-- PeakPeak

1.8e49.8No No ΣΣbb
*+ *+ PeakPeak

1.6e614.3““2 Peak2 Peak”” vs. vs. ““4 4 
PeakPeak””

2.6e1944.7““NULLNULL”” vs. vs. ““4 4 
PeakPeak””

1/LR∆(-ln £)HypothesisHypothesis
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Zero and Two Peak Fits
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Baryon multiplets:
J = 3/2+J = ½+
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Σb Backgrounds
! Σb backgrounds:

" Hadronization tracks around 
prompt Λb – Dominant!

" B meson hadronization tracks
" Combinatorial background

! Take background shapes from 
data or PYTHIA Monte Carlo, 
normalize using Λb sample comp.

! Backgrounds are fixed before 
looking in the Σb signal region


